INTRODUCTION
Humeral supracondylar fracture is the second most common fracture in children and the most common fracture in children younger than 7 years (Table 1) . 1 This fracture occurs most commonly during the first decade of life and is more common in boys than girls. 2 Most of the fractures are extension type. Treatment for Gartland 3 type-3 fracture (Table 2 ) is technically difficult and often associated with complications. Cubitus varus was the most frequent problem (30%) reported in 2 series. 4, 5 This deformity is due to medial tilting and rotation of the distal fragment. It does not remodel with growth, is not progressive, and is not due to physeal injury. 6 As major vessels and nerves pass around the elbow, iatrogenic injury to these structures is likely. 7 Many methods have been proposed to treat displaced Gartland type-3 supracondylar fractures of the humerus in children: most are either closed reduction with percutaneous Kirschner wires in different configurations 8, 9 or open reduction and internal fixation with Kirschner wires from different approaches. 2, 10 Closed reduction and percutaneous pin fixation was first described by Swenson 11 in 1948 and is the most-used procedure by paediatric orthopaedic surgeons in the UK. 9 Fractures can be very unstable because the shaft of the distal humerus is thin. Fixation with Kirschner wires is necessary even when perfect reduction is obtained. The most common and stable configuration is medial and lateral placement of crossed Kirschner wires, [11] [12] [13] but because of swelling, the correct entry point of the medial Kirschner wire is often difficult to find and can result in ulnar nerve injury in 4% to 15% of patients. 14 This study aimed to assess the efficacy of our protocol for treating displaced Gartland type-3 supracondylar fractures of the humerus in children.
METHODS
From October 1997 to October 2003, 49 Gartland type-3 supracondylar fractures of the humerus in 48 children were treated in the Diana Princess of Wales Hospital, UK. Fractures were fixed within 12 hours of admission (Table 3 ) and no more than 2 attempts of closed manipulation were made. All fractures were fixed with medially and laterally crossed Kirschner wires. The medial wire was inserted through a 3-cm incision after exposing the medial epicondyle and identifying the ulnar nerve.
Records of 43 (87.8%) fractures in 43 patients were reviewed. The remaining 5 patients (6 fractures) moved to other cities and were lost to follow-up. Closed reduction was successful in 33 (76.7%) patients, but was unsuccessful in 10 (23.3%) patients who then underwent open reduction by extending the medial incision proximally. After placing the pins, the elbow was extended and the carrying angle was compared with the normal side. All patients received a back slab and had radiographs taken. Wires were removed after 3 to 4 weeks, and a collar and cuff was worn. Active movement of the elbow was allowed after 6 to 8 weeks.
Elbow movements and carrying angle of both operated and normal sides were measured and compared at the final follow-up. Immediate postoperative radiographs were used to determine the maintenance of reduction. Bauman angle was measured on the anteroposterior radiographs as described by Dodge.
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Surgical technique
Under general anaesthesia, patients were in a supine position with the arm abducted on an arm board. After preparation and draping, closed manipulation was attempted twice under image intensifier. Crossed Kirschner wires were placed through a 3-cm medial incision after palpating the medial epicondyle to identify the ulnar nerve. If closed manipulation was unsuccessful, the incision was extended proximally for a further 3 to 4 cm (Fig. a) . As the ulnar nerve and epicondyle had been identified, sharp and blunt dissection was easy and quick (Fig. b) . The brachialis was elevated from the proximal fragment and the fracture haematoma drained. The entire anterior breadth of the proximal humerus was well visualised due to subperiosteal striping of the brachialis by the haematoma. The elbow was flexed to 20 Ο to 30 Ο and gentle traction was applied to visualise the distal fragment. A periosteal elevator could be used to reflect the origin of the entrapped common flexor, 2 to 3 mm distally. The entire breadth of the distal fragment was visualised anteriorly. The fracture was reduced by gentle traction and flexion with the thumb pressing the olecranon anteriorly. The quality of reduction was assessed by inspecting the medial column anteriorly, medially, and posteriorly, as well as the fracture line anteriorly. A pair of artery forceps or a finger was passed laterally to feel the step in lateral column. Commonly the fracture spikes interdigitate to lock the reduction. Maintaining elbow traction with 60 Ο to 80 Ο elbow flexion may prevent any posterior tilt. Crossed Kirschner wires were inserted from a distal to proximal direction under image intensifier. Elbow movements were checked and wires were left protruding for 3 to 4 cm to facilitate subsequent removal without further anaesthesia. The wound was closed using vicryl subcuticular stitches, and an above-elbow back slab was applied.
RESULTS
The mean age of the 43 patients was 7.2 years (range, 2-14 years). The mean follow-up period was 48 months (range, 12-84 months). 83% of the fractures occurred in boys. All fractures were closed, extension type, with 28 (65.1%) involved the right elbow. Two patients had ipsilateral fracture of the upper extremity: one fractured the radius and ulna and another fractured the distal ulna. Four patients had primary neurological deficit (median nerve, n=3; radial nerve, n=1). Superficial pin-tract infection occurred in 5 patients and was successfully treated with oral antibiotics. No patients developed deep infection or iatrogenic nerve injury. All fractures healed within 6 to 8 weeks. No cubitus varus or valgus deformity or residual vascular deficits were noted. Although primary neurological deficits were observed, all patients showed progressive improvement and no neural tests were performed. All patients gradually regained full neurological function by a mean of 4.5 months (range, 2-6 months). Revision for the scar was not requested. 
DISCUSSION
The goal of surgery is to achieve functionally and cosmetically satisfactory results and to avoid complications. Closed reduction and percutaneous pinning has been recommended, 8, 16, 17 but it is associated with iatrogenic ulnar nerve injury in 4% to 15% of cases, with 1% to 7% of patients requiring remanipulation because of inadequate reduction or malpositioning of wires. 18 Iatrogenic ulnar nerve injury may occur even when the medial epicondyle is palpable, 16, 19 and more often when the elbow is hyperflexed during pin insertion. 19 It is difficult to accurately locate the ulnar nerve without visualisation prior to percutaneous pinning of crossed Kirschner wires. Intra-operative nerve stimulation has been used to locate the ulnar nerve prior to placement of the medial pin. 19 Many surgeons recommend inserting 2 pins from the lateral side to avoid this injury. 20 Nonetheless, biomechanical studies have shown that a medially and laterally crossed Kirschner-wire configuration is 25% more rigid than 3 lateral pins and 37% stronger than 2 parallel lateral pins. 21 Redisplacement of the fracture has been reported to be a significant complication after using lateral Kirschner wires alone. 13, 20 A lateral Kirschner-wire configuration may not allow full extension of the elbow, and thus prevents examination of the carrying angle during surgery. 22 A small medial incision allows identification of the ulnar nerve and helps reduce the fracture, as 75% of Gartland type-3 fractures are displaced posteromedially.
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CONCLUSION
Exposing the medial epicondyle and identifying the ulnar nerve through a small medial incision can decrease the risks of iatrogenic ulnar nerve injury and aid placement of medial and lateral Kirschner wires to provide higher stability and strength. The incision can be extended if open reduction is required.
